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SUBJECT:  Grand  Lake  Dam 


The  Department  of  the  Army 
New  England  Division 
Corps  of  Engineers 
424  Trapelo  Road 
Waltham,  Massachusetts  02154 

Attention:  E.  P.  Gould 

Project  Management  Division 

Gentlemen: 

On  November  15,  1979,  Grand  Lake  Dam  on  the  East  Branch  of  the 
Penobscot  River  was  inspected  by  Stanley  S.  Marshall,  P.E.  and 
Jan  N.  Jonas  of  this  office. 

Following  inspection  and  subsequent  investlgatipn,  we  concluded 
that  the  dam  should  be  reclassified  as  having  a  low  hazard  poten¬ 
tial. 

Enclosed  is  a  letter  report  substantiating  our  finding. 

Very  truly  yours. 


CHAS.  T.  MAIN,  INC. 


J.  E.  Giles,  Jr, 
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DESCRIPTION 


1 


Grand  Lake  Dam 


I 

The  Grand  Lake  Dam  built  in  1890  is  a  straight-axis,  concrete  gravity 
structure  218.5'  long  and  35'  high.  It  serves  as  a  water  storage 
structure  for  the  Bangor  Hydroelectric  Co.  The  spillway  is  78'  long 
and  contains  9  vertical  lift  gates  5'  high  x  7'  wide.  In  addition, 
the  dam  has  4  10x10  sluice  gates  plus  a  10'  wide  by  7'  high  log  sluice 
gate.  An  unused  boiler  house  in  the  center  of  the  structure  separates 
the  sluice  area  from  the  spillway. 

A  20'  bay  on  the  left  abutment  contains  a  fishway  designed  by  the 
Maine  Fish  and  Game  Commission. 


I 


EVALUATION  OF  HYDROLOGIC  AND  HYDRAULIC  FEATURES 


5.1  General  -  The  watershed  is  485  square  miles  of  undeveloped  rolling 
terrain  and  it  contains  two  large  lakes,  Allapash  and  Chamberlain.  The 
dam  is  located  on  East  Branch  Penobscot  River,  on  the  outlet  of  Grand 
Lake  Matagamon.  The  concrete  gravity  dam  develops  sufficient  storage 
to  reduce  the  Probable  Maximum  Flood  (PMF)  peak  from  66370  cfs  to 
15000  cfs  (about  77%  reduction) . 

5.2  Design  Data  -  The  dam  was  designed  by  the  East  Branch  Improvement 
Co.,  Bangor,  Maine.  The  top  of  the  dam  elevation  is  at  Elev.  665  with 
a  maximum  height  of  25  feet  (capacity  8200000  ac-ft).  This  dam  is 
classified  as  intermediate  size.  The  principal  spillway  consists  of 
five  roller  gates.  The  emergency  spillway  is  equipped  with  nine 
sliding  gates  with  total  width  of  60.3  feet  which  has  a  crest  elevation 
of  650  feet. 

5.3  Experience  Data  -  There  are  no  records  of  past  floods  or  any 
overtopping  of  the  dam. 

5.4  Test  Flood  Analysis  -  Based  upon  "Preliminary  Guidance  for  Esti¬ 
mating  Maximum  Probable  Discharge",  dated  March  1978, ^the  watershed 
classification  "flat  &  coastal"  (although  the  terrain  is  rolling  ter¬ 
rain,  due  to  flood  retarding  effects  of  the  big  lakes  in  the  drainage 
basin,  it  is  assumed  to  be  flat) ,  and  our  hydraulic  computations,  the 
test  flood  for  this  low  hazard,  intermediate  size  dam  is  estimated  to 
be  equivalent  to  the  PMF  of  66370  cfs.  The  flood  routing  starting 
elevation  was  selected  to  be  maximum  normal  pool  elevation  655. 


For  this  particular  portion  of  Maine,  the  PMF  runoff  is  assumed  to  be 
13".  The  routed  test  flood  outflow  was  deteirmined  in  accordance  with 
Corps  of  Engineers  "Guidance  for  Estimating  Effect  of  Surcharge  Stor¬ 
age  on  Maximum  Probable  Discharges",  and  the  hydraulic  characteristics 
of  the  dam  spillway  discharge  was  computed  as  sharp  crested  weir.  The 
routed  test  flood  outflow  was  determined  to  be  approximately  15000  cfs 
and  corresponding  water  surface  elevation  656.3  feet.  The  top  of  the 
dam  elevation  is  655  feet  and  thus  the  dam  would  not  be  overtopped. 

5.5  Dam  Failure  Analyses  -  The  volume  in  the  reservoir  corresponding 
to  the  water  surface  elevation  656.3  (maximum  test  flood  elevation)  is 
5,265,650  acre-feet  which  is  considered  at  the  time  of  dam  failure. 

The  impact  of  failure  was  assessed  using  the  "Rule  of  Thumb,  Guidance 
for  Estimating  Downstream  Dam  Failure  Hydrographs"  prepared  by  the 
Corps  of  Engin.ers.  The  breach  discharge  was  estimated  with  the  maxi¬ 
mum  water  surface  elevation  during  PMF  event.  The  breach  width  was 
selected  to  be  35  per-cent  of  the  length  of  the  dam  at  mid-height. 

The  downstream  discharge  from  the  principal  and  emergency  spillways. 
The  total  peak  discharge  was  estimated  to  be  23240  cfs.  The  result  of 
the  calculations  included  in  Appendix  D. 

In  view  of  these  results,  it  can  be  concluded  that  during  prefailure 
and  postfailure  conditions  no  homes  will  be  damaged;  on  the  downstream 
channel  no  development  exists.  Thus  this  dam  represents  a  low  hazard 
structure. 


Mil;  ^ 


i.'-- 


I'? 


% 


%- 

tr 


IKSPECnON  aTECK  LIST 
rASTT  OKGA:.’IiA.TION 


2KSEECTICN  C2CK  LIST 


PKCJSST  /q<g  ^'c9^ 

PHOJSCT  JSATURS  Co>^crits  (^ra^itLi 
DISCIPLINS  f^tjc/ro 


AHTA  r:ALUPiT2D 
DAM  2M3A!<KMSKT 


DATS 


f^/o-ir  ' '9  "^9^ 


ctSty\  KMC  ^'f^Snlei/  S.  ^Srrh^!/ 

ii'jc  Jc9/;  A/,  yon  <93. 


CONDITIONS 


Crest  Elevation 

Current  Pool  Zlevawion 

Maxiaua  Impoundsent  to  Date 

Surface  Cracks 

pavement  Condition 

Movement  or  Settlement  of  Crest 

Lateral  Movement 

Vertical  Alignment 

Horizontal  Alignment 

Condition  at  Abutment  and  at  Concrete 
Structures 

Indications  of  Movement  of  Structural 
Items  on  Slopes 

Trespassing  on  Slopes 
Veglcatlon  on  Slopes 
Sloughing  or  Erosion  of  Slopes  or 
Abutments 

Rock  Slope  Protection  •  Riprap  Failures 

Utousual  Movement  or  Cracking  at  or 
near  Toes 

Unusual  Embankment  or  Downstream 
Seejxge 

Piping  or  Boils  ' 

Foundation  Drainage  Features 


G6S 

6  55' 

mot  k-h  ifio  h. 


hot  <^ppliC<^hlo 
n^yie  visih/c 
„ 

CjOOCf 

i' 

u 

applicable 

*  u 

*  « 

1 

^P>7f 


>102^  dpjuf^C^ble 
none  lo'iib/f 


Tee  Drains 


hoi  e 


Instrumentation  System 


KOiC 


IKSISCTIOK  CKSCK  LIS'-  i. 

PRCJiCT  Lslce  lAE  /6,  ‘G  ‘ 

PRCJiCT  I2ATIC2  Co>lcr(r&  <^a}h  HAMS  JT/c? /?/?//  S.  /^<3yz:A'9j/ 

DISCIrLES  KAJS  S^on^S 

A2SA.  m/ALUAZEZ) 

COKDITION 

//Dt~  SJb^licabJe 

E.TAKS  STRUCTUSS 

a.  Approach  Channel 

Slope  Conditions 

Bottom  Conditions 

Rock  Slides  or  Falls 

Log  Boom 

Debris 

Condition  of  Concrete  Lining 

Drains  or  Weep  Holes 

b.  Intake  Structure 

Condition  of  Concrete 

Stop  Logs  and  Slots 

CSrSCTlDK  CffiCK  LIST 


?5C JE  CT  L^kc  _ ! 

PROJECT  lEATUS  Chyxcrcti  r>^iu 

DIS  C  I?7,Pg  ^ifo{ro 


kSLk  EVALUATED 
OUTL-T  VORKS  -  CO:rr?.OL  TOWER 


DftTE  A/oiT  |6,  _ 

KAic  ^'fsh  Icj  rsl\  a  (f 
KA>E  Jc>y)  A/.  Jonas 


COKDITICir 


a.  Concrete  and  Structural 


General  Condition 
Condition  of  Joints 


c^ooci 

ircsi^r 


Spalling 

Visible  Reinforcing 
Rusting  or  Staining  of  Concrete 
Any  Seepage  or  Efflorescence 
Joint  Allgnaent 

Unusual  Seepage  or  Leay^  in  Gate 
Cbasber 

Cracks 

Rusting  or  Corrosion  of  Steel 
b.  I'^.ecbanical  and  Electrical 
Air  Vents 
Float  Wells 
Crane  Hoist 
Elevator 

Hydraulic  Sysxea 
Service  Cates 
Esergency  Gates 


Atihor  d/  edcj<.s  end  sksirs 
c?/  s/<5/«r  Sy^c(  deck  sIqIs 

hv^Kor  c:ff/'o*'esce>ict  <=?/  sU<ice  <^dk. 


cjcrtcf 

noi 


ni^'yiv>r 
-1-0  S  sn7<3// 


nof' 

yid  c&iljjf 

i\)orkcy\f  cohW^oi'rK 
ho'f  <Sp^£(‘Coib/f 
«  ''' 

yAJOVc{  slide  CCiytf, 

*  rt  o  r,  r 


Lightning  Protection  Systen 

Inergency  Rover  Systen 

V.'iring  and  Lighting  Systen  in 
Cate  Chanter 


dinrf  dfjrefdis  oc/fO)  yty^9 
AffhSC  (X'useif  f&r  rc^uldt  ojbcrdfi'ffh^ 
j  not  sA^CcdUe 


I 


IHSISCTIOH  CISCX  LIST 

PHCJSCT  Lake  b6>)y\ _ .  •  A/olt  l'^7^  •' 

PRCJiCT  FSATU52  GohCrett  c/3h%  KAJC  S^i’<^nleLf  Tj n rsh <J  // 

DISCIPLES  _  KAJ4S  7^9/;  /t^  Jon^S 


ASLk  EVALTATED 


COICJITIOK 


OUTLET  VOPiS  -  ^TSETIOI^  AI®  CCISUIT  ^  o^Ji^Cdh/f 

General  Condition  cf  Concrete 
Rust  or  Staining  on  Concrete 
Spalling 

Erosion  or  Cavitation 
Cracking 

Alignment  of  Monoliths 
Aligr-aent_  of  Joints 
Kuabering  of  Monoliths 


1*4  UUI 


EISPSCTIO:?  CHECK  LIST 


paojicT  G‘rc>nc{  Lske  03/h 


pacjscT  niATuas  Coy)crc1l  qr^vi%  e^a*n 
DSCgL32  _ 


date  _ 

/f  y  S~.  A/q  rsh ^// 

NAME  J^y?  v7o>^9S 


AREA  EVALUATED 


OUTIET  TOPKS  -  OUTIET  STHUCTPPE  AKD 
GUnZT  CHAI^-^SL 

General  Condition  of  Concrete 
Rust  or  Stainir.^ 

Spalling 


COKDITICN 


'StdiiSrSC'hy't^ !  MAHoV  eridiy]3<^C 

ci^e.  Jo  ^ront 

MO>1f 

hvi  >voY  I  k  ^  ^ 


Erosion  or  Cavitation 
Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Condition  at  Joints 
Drain  holes 


KoV>d 

K/oVe 

t 


Cj  ooef 

woMc  \Jisihle 


Q:ancex 

Loose  Rock  or  Trees  Cverbanging 
Cbarjiel 


K^hcr^f  ti'vcf  ci^dh¥)e[ iviH  Y^ockyj 

I^O-^Okv 

Wiove- 

sd'fe  j/«5c  . 


Condition  of  Discharge  Channel 


PROJECT  JZATUrg  cr/^/h 

DISCIPLZS  _ 


nsiscTioi:  csck  list  t 

PROJECT  ^f'c^HcC  i^ke  t)^hl  .  date  ^C>l7’  1^1  {^'19 

TSPjiS,  S9sn  J^Lf  S'.  /ySJzf)o:> 
NAME  J4?//  Jor?<£t£ 


1 1 


kSfZk  EVALUATED 


CLTTIET  'rrCPJ-S  -  S?II1V:AY  WEIR.  APPRC.ACH 
AI.T)  TISCl-iARGE  C-lArsCSLS 


a.  Approach  Channel 


CONDITION 


f^ot  icsij/c 


General  Condition 
Loose  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Floor  of  Approach  Cnannel 

b.  Keii  and  Training  ’.Vails 

General  Condition  of  Concrete 

Rust  or  Staining 

Spalling 

Any  Visible  Reinforcing 
Any  Seepage  or  Efflorescence 
Drain  Holes 

c .  Discharge  Channel 

General  Condition 
Locse  Rock  Overhanging  Channel 
Trees  Overhanging  Channel 
Flocr  of  Channel 


sdi^$f^-hrLf 
yyiihor  ruSth'nej 
ynihPi''  sr^ffiyx^  of  Cff/cfez 
n  c?>7f 

nr>hr  \nS(hl^ 
y\i^K(.r^l  rircf 


Other  Obstructions 


Condition  of  Sest  &  SaclcwBlI 


GENERAL  PLA 


\ 


X 


GRAND  LAKE  MATA  G AMON 


SPILLWAY 


PEN  OBSCOT  RIVER 


GRAND  LAKE  DAM 
PHOTO  LOCATION  MAP 

U.S.ARMY  CORPS  OF  ENGINEERS 
PHASE  I  INSPECTION  PROGRAM 
~  MTtSEPT.1981 

1345  72 


Fig .  1  Downstream 
view  of  dam  from 
right  bank.  Note 
fish  ladder  at  left 
embankment 


Fig.  2  Downstream 
view  of  dam  from 
left  bank. Stairs 
in  center  of 
picture  lead  to 
abandonned  boiler 


Fig.  3  Chain 
supporting  spillway 
slide  gate.  Note 
dogging  device. 


Fig.  4  Upstream 
view  of  dam  from 
left  abutment. 
Wheel  operated 
gates  in  fore¬ 
ground  are  for 
f ishway . 
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ESTIMATING 


EFFECT  OF  SURCHARGE  STORAGE 


ON  MAXIMUM  PROBABLE  DISCHARGES 


These  calculations  are 
performed  accordin'?  to  the 
Corps  ol  Eneineers 
Guide! ines 


GRAND  LAKE  DAM 


DATA 


DRAINAGE  AREA.. 
fl=  485  <.S'=i  .  mi  .  ^ 

PEAK  INFLOW, 

Qp1=  60368  <cfs> 

PRINCIPAL  SPILLWAY  CREST  ELEO . , 
EH.'1=  655  <  I  t  .  ) 

EMERGENCY  SPILLWAY  CREST  ELEV . , 
ELy2=  656.3  <ft.) 

Emergency  Spillway  Ratine  Curv^e 
is  defined  as  , 

H  =  a  »  Q  b 

a ■=  007082281? 

b  =  666666666667 


The  Capacity  -  Elv.  curve 
is  de f 1 ned  as , 

Elv  =  m  +  n  *  Log ( Volume) 

tn=  34?  S?2 
n=  1?.7?S 


CALCULATIONS: 


STEP  1 


Reduction  of  the  QpI  due  to 
starting  elevation  at 
Principal  Spillway  crest  elev. 


Volume  at  655  <ft.) 

Volumel  =Exp<  <^ELVM-m)yn> 
Volumel  =  4?30??6.332  (ac-ft> 


Volume  at  656.3  < f t  .  ) 

Volumes  “Exp  <  <!ELV2“m>.^n> 
Volumes  =  5265648.246  Cac-ft) 


Di f  f .  of  Volumes, 

Diff. Volume  =  334651.914  -Cac-ft) 
or, 

Diff. Volume,  D=  12.93  <in.> 


total  pmf  runoff 

R=  13  <  i  n  .  .) 
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GRAND  LAKE 

DAM  FAILURE  ANALYSES 


These  calculations  are  performed 
according  to  the  RULE  OF  THUMB 
procedures  o^  the 
Corps  Engineers 


The  breach  discharge: 

Qpl  =  S/27  T  Wb  *  g-'O-S  t  Yo'^SxB 


Where^ 


Yo  is  the  Pieight  of  the  breach  < 
from  river  bed  to  the  max.  pool 
level> 


Wb  is  357.  of  the  length  of  the  d 
ami  or  Wb  =*.35  t  Wd 


g  is  the  acceleration  o*  the  gra 
vity  <.  32 ;  2  ft.''sec''2  ) 


Yo  =  16.3  <ft> 


Wd  =  213  -ift) 


Wb  =  74  <ft) 


Sheet. 

1.  T  Or-iPi/ijf  ffV-  ti-i IPi 


From  above  eguatiorij 
Qpl  =  8248  ‘1  JS> 


The  natural  channel  cross  sectio 
ns  are  simplxfied  as  triangular 
cross  sections 


The  stage-discharge  relationship 
becomes  aSi 


h  =  C  1 . 068  X  n  *  T  an  C  a  >  %  t!  /  C 
os<a>''2y3  z'  .  5  3^3/8...  <!> 


Where . 


0.  =  Discharge  <cfs> 
a  =  Side  slope  angle  <deg! 
S  =  Channel  slope 


The  cross  section  Area' 


A  p  h--2  /  Tan‘'.a>  ....  (I  I  > 


The  Volume  of  the  Reservoir i 

V  =  5265648  Cac-ft) 

or  i 

V  =  229371626880  <cub-ft.> 
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R  E  fi  C  H  <  1  )  CflLCULftTIOHS 


Test  tlood  discharge- 
Qt  =  15000  <cfs) 

a  =  2.17  <<Ses  .  > 

S  =  .00193 

n  =  07 

L  =  4000  <ft) 


Erom  Formula  <  I  >  .» 
Pre^ailure  heights 
hi  =  13.1  Ut) 

From  Formula  <II>  , 
fil  *  4578  <s^.+t.> 


0  =  Qf 1  +  Ot 

F rom  Formul 3  < I ) ^ 
Total  Height/ 
h  =  15.5  Ot> 

From  Formula  <II>/ 

Total  flrea^ 

fi  =  6360  <;s-^-ft) 

Residual  firea.. 

fi2  =  fi  -  fll 

R2  =  1781  CsH-^t) 


Residual  Volume^ 

VI  =  L  ».  fi2 

VI  =  7126306  <cub-ft> 


h=  15<ft> 

From  Formula  <II>/ 
ft  »  8360  <4t) 

Residual  Rrea^ 
fi2  =  fl  -  fll 
fi2  =  1781  (to 

V2  =  fl2  *  L 

V2  =  7126096  <cub-ft> 

Vaws  =  <  VI  +  V2  )  /  2 
Vavs  =  7126201  <cub-ft> 

Qf2  =  QfI  <  1  -  Vavg  /  V 
Qp2  =  8248  <cfs> 

From  Formula  <!>• 

C  =  Qf2  Qt 
h2  =  15.5  <tt> 

RESULTS  : 


1. >  Preiailure  Heieht  =  13  1 

<  f  t  > 

2. )  Postfailure  Heisht  =  15.5 

<ft> 

3  )  Breach  Discharge  =  S248 

<cfs> 

4  .)  Reach  Lensth  =  4000  »:  1 1  > 


Qf2  =  QfI  *  <  1  -  VI  V> 
Qp2  =  8248  <c4s) 

F  rom  Formula  1 1 >  > 

Q=Qp2+Qt 
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R  E  fl  C  H  <  2  >  CRLCULftTIONS 


Test  flood  discharge 
Qt  =  15000  <cfs> 


a  =  1 . 35  des  .  > 

S  =  .00193 

n  =  .07 

L  =  15700  <ft> 


From  Formula  <!’>/ 
Prefailure  heiehtj 
hi  =  11  Cft) 

From  Formula  <II>  ^ 
fil  =  5154  <s^ . f  t . > 

Q  =  QpI  +  Qt 

From  Formula  <!>• 

Total  Hei<?ht> 
h  =  12.9  <:ft> 

From  Formula 
Total  Area/ 

Pi  =  7160  <s^-ft) 

Residual  firea^ 

fl2  =  ft  -  fll 

ft2  =  2005  <s«v-ft> 

Residual  Uolume.p 
VI  =  L  t  ft2 

VI  =  31489022  <cub-fti 


Qp2  =  Qpl  T.  <  1  -  VW  V> 
Qp2  =  8247  fcfs) 

From  Formul a  < I > . 

QsQpg+Qt 

0  =  23247  <cf£> 


h  =  12  <ft> 

From  Formula  <II>^ 
ft  =  7160  <ft) 

Residual  ftrea.- 
ft2  =  ft  -  ftl 
ft2  =  2005  <ft) 

V2  =  ft2  »  L 

V2  =  31484915  <cub-ft> 

Vave  *  <  VI  +  V2  >  /  2 
Vave  =  31486968  <cub-ft> 

0p2  =  QpI  *  <  1  -  Vav?  /  V  > 
Qp2  =  8247  <cfs) 

From  Formula  <!>/ 

Q  =  Qp2  +  Qt 
h2  =  12.9  <ft) 

RESULTS  •• 


1. >  P re failure  Heisht  =  11  <ft> 

2. '>  Post  failure  Heisht  =  12.9 

<f  ti 


3.>  Breach  Discharge  = 
<cf  s) 


4.>  Peach  Leneth  = 


8247 
15700  <ft^ 
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R  E  fl  C  H  <  3  >  CftLCULflTIONS 


Test  flood  discharge- 
Qt  =  15000  (cfs^ 

a  =  1.76  <dee. > 

S  =  .0033 

r>  =  .07 

L  =  12000  <ft> 


F roiTi  Formula 
Prefailure  heisht^ 
hi  =  11  <ft) 

From  Formula  <II>  v 
fll  =  3945  <s^. f t . > 


e  =  Qpl  +  Ot 

From  Formula 
Total  Hei^ht^ 
h  =  12.9  <ft> 

From  Formula  <II)^ 

Total  Area. 

fl  =  5430  <.s<^-ft> 

Residual  Area- 

R2  =  A  >  fll 

R2  =  1534  <s^-ft> 


Residual  Volume^ 

VI  =  L  T  fl2 

VI  =  18418692  <cub-ft) 


Qe2  =  Qpl  t  (  1  -  VI  /  V> 
ep2  =  8246  <cfs) 

F rom  Formu la  <  I  ■>  . 

0»Qe2+0t 

0  »  23246  <cfs> 


h  =  12  Ut> 

From  Formula  <II)» 
fl  =  5480  <ft) 

Residual  Area/ 
fl2  =  fl  -  fll 
fl2  =  1534  Cft) 

V2  =  fl2  *  L 

V2  =  18417286  <cub-ft> 

Vave  =  <  Ul  V2  >  /  2 
Vave  *  184179S9  (cub-~ft> 

Qt>2  =  Qpl  »  <  1  “  Vave  ^  V  > 
Qe2  =  8246  <cfs> 

From  Formula  <!)/ 

Q  =  Qp2  +  et 
h2  =  12.9  (ft) 

RESULTS  : 


1. )  Prefailure  Heieht  =  11  (ft) 

2. )  Postfailure  Heisht  =  12.9 

<f  t) 

3. )  Breach  Discharge  =  824g 

(cfs) 

4. )  Reach  Length  =  12000  (tt> 


